Introduction
Having an accurate measure of a stock or portfolio beta is of paramount importance to any investor interested in identifying market risk whether for hedging a long-only portfolio, creating market-neutral portfolios, or implementing a portable alpha strategy. There are a variety of measures of beta currently in use. MSCI Barra calculates a predicted or fundamental beta based on the variance and covariance estimates derived from its risk models. As the economy and characteristics of individual issuers change, fundamental beta adapts to reflect changing asset characteristics. Factor-model-derived betas also avoid misattributing accidental historical relationships. This article discusses what we know about fundamental beta and its historical counterparts and revisits the advantages of using the former for hedging systematic risk in the U.S.
We find two main results using simulated portfolios over the January 1990 to February 2007 period:
1. For long-only investors, fundamental betas appear to be a more consistent measure for hedging portfolio performance. For investors who care only about expost beta, the advantages of using fundamental beta may not be so pronounced, but for those who care about volatility reduction and metrics that capture downside risk and tail risk, the gains can be substantial. 2. For a long-short investor who is industry-neutral, market risk is minimal and may not need to be hedged. Differences between the hedged and unhedged portfolios are minimal across all metrics.
Though This Be Madness, Yet There is Method In't: What Do We Know About Beta
The basic measure of beta is the covariance of a stock's return with the market return divided by the variance of the market return. Betas can be exponentially weighted to give more weight to recent observations or scaled (Bayesian-adjusted) to some prior estimate like a long-term average. Given the wealth of empirical research on betas and their properties, what do we currently know about beta?
1) Betas appear to be time-varying: Betas exhibit little stability over time. Evidence on beta-instability in the U.S. is seen in the earliest research: Blume (1971 Blume ( , 1975 , Gonedes (1973) , Meyers (1973) , Levy (1974) , Baesel (1974) , Bos and Newbold (1984) , GonzalezRivera (1997) , Groenewold and Fraser (1999) , Black and Fraser (2003) , Fraser et al (2000) . 1 2) Betas are hard to forecast: Betas show less persistence and predictability than variances and covariances (see Groenewold and Fraser (1999) ). This is particularly true of betas constructed with high frequency returns (see Andersen, Bollerslev, Diebold, and Wu (2003) ).
3) Betas are less stable for individual securities: For single securities, betas are noisy. Beta estimates become more stable as portfolio size increases (see Alexander and Chervany (1980) ).
Company characteristics, the market, and the risks that exist in the market are continuously changing over time so it is not surprising that betas are time-varying. 2 What is perhaps surprising is the degree to which beta is more difficult to forecast relative to volatility. Despite these challenges, beta estimates can still be useful approximations, at least for the purposes of assessing and hedging market risk.
What's in a Name? Fundamental Beta Revisited
Fundamental beta moves closer to overcoming these challenges by leveraging the strengths of the multiple-factor model. As the economy and characteristics of individual issuers change, fundamental beta adapts to reflect changing asset characteristics. Moreover, fundamental beta is less susceptible to outliers in the data and because economic logic is used to build the factor structure, it is not limited by purely historical analysis.
Recall that in a factor model framework, the risk of any portfolio is given by:
vector of portfolio weights for N assets = X exposure matrix of N assets to K factors = F K x K factor covariance matrix = Δ N x N diagonal matrix of specific risk 1 Additional evidence comes from the conditioning variables literature (see Dybvig and Ross (1985) , Hansen and Richard (1987), Ferson, Kandel and Stambaugh (1987) , Ferson and Harvey (1991) , Jagannathan and Wang (1996), and Wang (2003) ) and the financial econometric volatility literature (for a survey, see Anderson, Bollerslev and Diebold (2004) ). 2 As an example, consider a change in a company's operations such as a major acquisition or a spin-off. Such an event would significantly change the company's risk characteristics but historical beta would only recognize this change slowly over time. 3 of 15 Please refer to the disclaimer at the end of this document.
Similarly, the covariance of a portfolio p with b is given by:
Beta takes the usual form:
where the portfolio b is a market portfolio proxied by a broad market index like the S&P 500 or the MSCI US Prime Market 750 Index. Substituting (1) and (2) into (3), and separating out the factor and specific terms in the numerator, beta can be written as:
The first term in the numerator captures the covariance of the portfolio with the market due to their shared common factors. The second term in the numerator captures the specific component. h , the weight of the asset n in the market = 2 n σ the specific variance of the asset n Equation (5) highlights the intuitive appeal of fundamental beta. Since the specific risk term in the numerator is very small (zero if the asset is not in the market index), beta will more accurately reflect systematic risk. In contrast, historical betas for individual stocks are likely dominated by specific risk; historical estimates can easily misattribute one-time comovements between specific returns and the market to systematic comovement.
Moreover, because the exposures are constructed in each month, any changes to a stock's size, industry, exposure to value, growth, momentum, etc. are reflected immediately. Figure 1 illustrates these advantages. During the period in which Canadian-based natural gas company EnCana acquired Tom Brown, EnCana's volatility exposure rose dramatically resulting in higher fundamental beta. Meanwhile, when Duke Energy spun off Spectra Energy, the increase in beta reflected the industry assignment shift (Duke Energy's exposure to Oil Refining went from 0.26 to 0 while its exposure to electrical utilities rose from 0.63 to 0.85 and its exposure to telephones rose from 0.1 to 0.14.). One final advantage to using fundamental betas relates to implementation. If a market index like the S&P 500 is used as the market return, historical beta ignores the fact that the constituents of the index and/or their weights have changed over time. The longer the history used, the less accurately the estimated beta reflects the current index composition.
All The World's A Stage: Evaluating Beta Performance and Accuracy
Next, we explore the efficacy of using fundamental beta to hedge market risk. It turns out, not surprisingly, that the performance of different types of beta depends on the type of portfolio being hedged and the time period over which the hedge is evaluated. However, several distinct patterns emerge which shed light on the conditions under which beta hedging is effective. The details of the analysis and results are as follows.
Simulated portfolios are constructed, and rebalanced and hedged monthly with S&P 500 futures where the hedge ratio is the beta of the portfolio against the S&P 500. Fundamental betas from our long-horizon and short-horizon (USE3L and USE3S) models are compared against several historical measures of beta: equal-weighted 60-month betas, equal-weighted 250-day betas, exponentially-weighted 250-day betas (with half-lives of 22 days and 180 days), Bayesian adjusted betas 4 , and normalized equal-weighted 250-day betas. 5 Betas calculated using daily data are adjusted for serial correlation where appropriate.
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To evaluate the efficacy of the betas for hedging, we need a metric for performance. The measure most typically used is the ex-post beta between the hedged portfolio returns and the market return which should approximate zero. However, depending on the investor's objective function, metrics that better capture downside risk and non-linear risk may be more appropriate. Cotter and Hanly (2006) propose evaluating hedging performance using volatility of the hedged series, semi-variance (or downside volatility), Value-at-Risk, and conditional Value-at-Risk. Results are calculated for all five types of measures.
We examine the following types of portfolios: long-only portfolios formed randomly and based on various attributes (i.e., size, volatility, beta, etc.); long-only portfolios with industry and style biases; long-short industry-neutral portfolios; and long-short portfolios with asymmetric industry bias. We form portfolios of various sizes (e.g., 10, 20, 50, 100, 200 stocks) equal-weighted and cap-weighted. All names are pulled from the estimation universe for the USE3 models, which consist of roughly the 2,000 largest cap names in the U.S. Performance of the hedged portfolios is evaluated over the period January 1990 to February 2007. We report average metrics over the various portfolios below. For the ex post beta metric, mean absolute deviation may be in fact a more relevant measure; here, the results are qualitatively similar to those using the average and are available upon request.
Two distinct patterns emerge from our results:
(1)
For long-only investors, fundamental betas appear to be a more consistent measure for hedging portfolio performance.
While all betas do a reasonably good job at hedging market risk, fundamental beta does at least as well if not better across all metrics. For investors who care only about ex-post beta, the advantages of using fundamental beta are not as pronounced, but for those who care about volatility reduction and metrics that capture downside risk and tail risk, the gains can be substantial.
Looking first at ex-post betas, fundamental beta does consistently well in all portfolios, as do 60-month historical betas whereas daily-data derived historical betas yield suboptimal results in all cases. Ex-post betas range between and -0.07 and 0.09 across portfolios of all size with the best hedges falling between -0.02 and 0.02.
Turning to the remaining four metrics, fundamental beta exhibits consistently better results-the volatility of the hedged portfolios is consistently lower for these portfolios, and losses in the tail are smaller. One subset of our results (randomly generated portfolios with n = 50 stocks, and style/industry portfolios) is shown in Tables 1A and 1B. For randomly generated portfolios, we find that hedging performance is fairly uniform across portfolios. On the other hand, if an investor takes systematic bets, hedging performance can vary dramatically across the type of bet and the time period in question. Certain portfolios such as those with a bias towards high trading activity or low momentum are more difficult to hedge no matter which beta is used. Other portfolios such as high growth, small cap, high volatility, and low yield portfolios exhibit a wide variation in ex post betas in different subperiods. This appears to be confined to extremely concentrated portfolios (e.g., those consisting of the top or bottom deciles of style-biased stocks as measured by their exposures) since it does not appear to be true of portfolios formed using second and third deciles.
Turning to our subperiod results, we find that overall, hedging performance is good for these welldiversified portfolios across all sizes. However, one interesting result stands out: during 2000-
2001, the 60-month historical beta (which performed at least as well as fundamental beta over the whole time period) performed particularly poorly for hedging. The ex-post betas for the former range between -0.08 and -0.06 during this two-year period compared to ex-post betas of 0.01-0.03 for the latter. Fundamental beta may be particularly better suited to capturing systematic comovement during turbulent market periods. Table 2 illustrates this point. Lastly, what is the impact of portfolio size or diversification on hedging performance? As evidenced in Table 2 , ex post betas in fact vary little across portfolios of different size even though volatility diversifies away quickly as we expect. The hedging efficacy of fundamental beta changes very little relatively as the number of names in the portfolio is increased.
(2) For a long-short investor who is industry-neutral, market risk is minimal and may not need to be hedged.
Long-short investors, who have moderate to significant biases in their net portfolios, experience similar hedging results as long-only investors in the previous section. Tests using randomly generated long and short portfolios and long-short portfolios with asymmetric bets confirm that fundamental beta continues to be consistently better over a wide range of portfolios. However, for long-short industry-neutral investors, an interesting result emerges. We find that the impact of hedging is in itself minimal and that the differences between the hedged and unhedged portfolios are quite small across all metrics considered.
To test whether the choice of beta type matters for hedging long-short industry-neutral portfolios, if at all, we construct 100 long-short pairs for each industry. Most stocks are assigned to one and only one industry; therefore by offsetting a short position with a long position for each Barra industry, we create 100 industry-neutral pairs by shorting an equal dollar amount for every long position. The resulting portfolios contain little market risk as measured by ex-post betas as seen in Table 3 . By all metrics, layering a hedging policy on top of industry-neutral portfolios adds little in value. This result is not unsurprising --in the Barra risk framework, industry risk captures a large portion of systematic risk; therefore we would expect portfolios which are industry neutral to have little systematic risk.
To summarize, fundamental betas appear to be a more consistent measure for hedging portfolio performance. The performance advantage is stronger in down-markets and during extreme negative movements. One point deserves additional consideration. Of all the historical beta measures tested, historical 60-month betas by far exhibited the best hedging efficiency. Shorterterm estimates like the betas based on daily historical data with varying half-lives fail to outperform the long-term beta. Andersen, Bollerslev, Diebold, and Wu (2003) suggest that "time varying betas may do more harm than good when estimated from daily data, even if the true underlying betas display significant short memory dynamics: it may not be possible to estimate reliably the persistence or predictability in individual realized betas, so good in-sample fits may be spurious artifacts of data mining." Continued investigation in the properties of historical betas based on short-term data is necessary.
Oft Expectation Fails, and Most Oft There: A Closer Look at Beta Performance During Extreme Down-market Events
In this last section, we discuss in more detail the accuracy of forecast betas during large negative market movements. Our previous results regarding hedging performance indicate that fundamental beta does a better job hedging portfolios both when the market is down and when the stocks in the portfolio experience extreme negative returns. Rosenberg (1985) proposes a simple alternative that analyzes beta prediction over market swings. After identifying market upswings and downswings, cumulative performance of beta factor portfolios (high-beta minus low-beta stocks) is calculated over the swings; the returns of these portfolios should be negative in downswings and positive in upswings.
In a similar spirit, we look at the 3.47% drop in the S&P 500 on February 27, 2007. We plot forecast betas against returns on that day for cap-weighted deciles of stocks ranked by beta. The
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highest beta group is expected to have the most negative return on that day and the lowest beta group is expected to have the least negative return that day. (The historical beta used in this example is the 60-month historical beta since this was found to have the best hedging properties of the various historical measures considered in the previous section.) The relationship between forecast beta and realized return is closer for fundamental betas with the R-squares equal to 0.79 and 0.61 for fundamental and historical betas, respectively. In Table  9 , we show R-squares for the beta-return relationship for all days since January 1, 1980 in which the S&P 500 suffered a greater than 4% drop. 
The reported R-squares on these days in which the S&P 500 suffered a 4% loss or greater are consistently higher for deciles ranked using fundamental betas. In particular, R-squares on August 31, 1998 and April 14, 2000 reflect a weak relationship between forecast betas using historical data and realized returns. Overall, a portfolio hedged with fundamental betas during the past two decades would have remained more immune to market risk when it mattered.
Summary
Our subset of metrics highlights just a piece of the puzzle. Reflecting the range of objectives investors may have, a number of measures that capture hedging effectiveness have been recently proposed. Patton (2004) for instance introduces metrics, which reflect the fact that risk averse investors prefer negative correlation with market returns in down-markets and positive correlation in up-markets and other investors may only want to ensure that when market volatility increases, their portfolio volatility does not also increase. These issues underscore the importance of how we actually define a successful hedge.
Fundamental betas provide several advantages to historical betas which make them conceptually more effective for hedging since the more noise embedded in beta estimates, the greater the loss of efficiency when hedging. The results of our tests indicate that while the advantages of using fundamental beta may not be so pronounced for investors who care only about ex-post beta, they do appear to matter for those who care about volatility reduction and minimizing downside loss. Overall, fundamental betas appear to be a more consistent measure for hedging market risk across different metrics of hedging effectiveness. 
